mTOR Inhibition Per Se Induces Nuclear Localization of FOXP3 and Conversion of Invariant NKT (iNKT) Cells into Immunosuppressive Regulatory iNKT Cells.
CD1d-restricted activation of invariant NKT (iNKT) cells results in the abundant production of various types of cytokines and the subsequent modulation of immune responses. This has been shown to be relevant in several clinical disorders, including cancer, autoimmunity, and graft tolerance. Although it is well known that the suppressive function of regulatory T cells is critically dependent on the FOXP3 gene, FOXP3 can also be expressed by conventional human T cells upon activation, indicating the lack of specificity of FOXP3 as a marker for suppressive cells. In this study, we report that the mammalian target of rapamycin (mTOR) inhibitor rapamycin and IL-10, but not TGF-β, can induce FOXP3 expression in iNKT cell lines. Importantly, however, FOXP3(+) iNKT cells only acquired suppressive abilities when cultured in the presence of the mTOR inhibitor rapamycin. Suppression of responder T cell proliferation by FOXP3(+) iNKT cells was found to be cell contact-dependent and was accompanied by a reduced capacity of iNKT cells to secrete IFN-γ. Notably, imaging flow cytometry analysis demonstrated predominant nuclear localization of FOXP3 in suppressive FOXP3(+) iNKT cells, whereas nonsuppressive FOXP3(+) iNKT cells showed a predominance of cytoplasmically localized FOXP3. In conclusion, whereas IL-10 can enhance FOXP3 expression in iNKT cells, mTOR inhibition is solely required for promoting nuclear localization of FOXP3 and the induction of suppressive FOXP3(+) iNKT cells.